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ABSTRACT 

We report on the long-term monitoring campaign of the black hole candidate 
IGR J17091 — 3624 performed with INTEGRAL and Swift during the peculiar outburst started 
on January 2011. We have studied the two month spectral evolution of the source in detail. 
Unlike the previous outbursts, the initial transition from the hard to the soft state in 201 1 was 
not followed by the standard spectral evolution expected for a transient black hole binary. 
IGR J17091 —3624 showed pseudo periodic flare-like events in the light curve, closely resem- 
bling those observed from GRS 1915+105. We find evidence that these phenomena are due 
to the same physical instability process ascribed to GRS 1915+105. Finally we speculate that 
the faintness of IGR J17091— 3624 could be not only due to the high distance of the source 
but to the high inclination angle of the system as well. 
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1 INTRODUCTION 

The Black Hole Candidate (BHC) IGR J17091-3624 was dis- 
covered by INTEGRAL/IB IS during a Galactic Centre observa- 
tion on 2003 April 14-15 jKuulkers et ai]|2003l) . At the onset of 
the discovery outburst, the source showed a hard spectrum with 
a flux of about ~20 mCrab in the 40-100 keV energy range. 
The analys is of IBIS, JEM-X, and RXTE/PCA data of the whole 
outburst dCapitanio et al.1 120051 ; iLutovinov & Revnivtsevl 120031 ; 
iLutovinov et al. 2005b revealed an indication of a hysteresis-like 
behaviour. The presence of a hot disc blackbody emission compo- 
nent during the softening of the X-ray emission of the source was 
also unveiled. 

After the INTEGRAL discovery, IGR J17091-3624 
was searched in the archival data of both 

and Bep- 
former archive, 



TTM-KVANT dRevnivtsey et alj 12003b 
poSAXIWFC din 't Zand et al.1 120031) . In the 



one outburst was discovered dating back to 1994 and reaching a 
flux of 10 mCrab in the 3-30 keV energy band; the analysis of 
BeppoSAXfWFC data revealed that a second outburst had occurred 
in 2001, reaching a flux of 14-^20 mCrab (2-10 keV). 

IGR 117091-3624 lies at 9.6' from another transient X- 
ray binary, IGR J170 98-3628, discovered on 2005 March 24 
dGrebenev et alj 20051) whe n it underwent a 4 year long out- 
burst dCapitanio et alj2009al) . On 2006 August 29 and 2007 Febru- 
ary 19, two XMM -Newton observations of the region around these 
two sources were performed. While IGR 117098-3624 was detected 
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in a relatively bright state in both observations, IGR J17091 — 3624 
was not detected and an X-ray upper li mit of 7x 10 32 erg s -1 was 
obtained (assuming a distance of 8 kpc; ICapitanio et all 2009a). 

The refined position of IGR J17091-3624 provided by 
iKennea & Capitani 3 d2009h ruled out the tentative radio coun- 
terpart previously proposed for the source (Rupe n et ai] 120031; 
iPandev et al. ||200i). A re-analysis of the archival radio observa- 
tions performed 9 days after the source discovery by IBIS in 2003, 
enabled the identification of a faint transient radio source (sub- 
mjy level at 5 GHz) that showed a flux increase in the subsequent 
two weeks and an inve rted spectrum, a signature of a compact jet 
( Capita nio et al. 2009a). This was consistent with the Low/Hard 
spectral state ( hereafter LHS ) observed by INTEGRAL in the same 
period ( Capitan io et alj 120051) . The source behaviour during the 
2007 observation campaign was typical of a BHC in outburst, even 
if the relatively low X-ray flux of the source ( 0.5-10 keV peak flux 
of ~2 x 10~ 9 erg cm~ 2 s -1 ) hindered a detailed spectral evolution 
study dCapitanio et alj2009ah . 

At the end of January 2011 the SwiftfB AT hard X-ray tran- 
sient monitor reported a renewed activity from IGR 117091 — 3624. 
The source flux increased from 20 mCrab on Januar y 28 up to 60 
mCrab on February 3 in the en ergy range 15-50 keV dKrimm et al.l 
l201ll ; lKrimm & Kenneall201 l|). The corresponding XRT spectrum 
obtained with a ToO observation was well describ ed by an absorbed 
powe r law with a photon index of 1.73+0.29 (Krimm & Kenneal 
1201 ll) . On 2011 February 7, the region around IGR J17091-3624 
was also observed by the IBIS/ISGRI and JEM-X telescopes on 
board the INTEGRAL satellite. The estimated source flux in the 20- 
100 keV energy range was 120 mCrab. The combined ISGRI+JEM- 



2 F. Capitanio et al. 



X spectrum (5-200 keV) could be well described by an absorbed 
cut-off power law model with a photon index of ~1.4 and a high 
energy c utoff of about 1 10 keV . This suggested that the source was 
inLHS dCapitanioet"ai]201ll) . 

Follow-up radio observations carried out with the ATCA tele- 
scope measured a flat spectr um dTorres et alj|201ll : Icorbel et alj 
l201lURodriguez et al.ll20l"Tbh associated with self absorbed com- 
pa ct jets, as expected in ac creting black holes in the LHS. Later 
on. lRodriguez et al] J201 lbl) reported also on the detection of a dis- 
crete jet ejection event usually observed when a BHC undergoes a 
transition from the Hard Intermediate State ( hereafter HIMS) to 
the Soft Intermediate State ( hereafter SIMS). A 0.1 Hz QPO, in- 
creasing in frequency with the source flux and spe ctral softening, 
was re vealed by both Rodriguez et al.1 feOllah and [shaposhnikov 
J201 J). These findings motivated a long monitoring campaign that 
was carried out with Swift/XKI, starting on February 28. The XRT 
observations were planned to be simultaneous with the INTEGRAL 
pointings already scheduled in the direction of the source, in or- 
der to ensure the broadest possible energy coverage (0.3-200 keV) 
during the entire out burst. 

As reported by iDel Santo etal] ( 1201 ll) . on February 28 the 
XRT+IBIS joint spectrum resulted in a typical High Soft State 
(HSS) shape, with a prominent disc black body component 
(kTi n ~lkeV) and a power-law photon index of 2.2±0.2. No high- 
energy cut-off was present up to 200 keV. On 2011 March 14 
(MJD 5563 4) a ~ 10 mHz QPO wa s detected in a 3.5 ks RXTE 
observation dAltamirano et alfcoi lbl) . One week later, RXTE/PCA 
showed a continuous progression of quasi-periodic flare-like events 
occurring at a rate between 25 and 30 mHz. This kind of variabil- 
ity resembles the "heartbeat" variation observed in the Black Hole 
(BH) b in ary GRS 1915+105 jAltamirano et alj201 lcMPahari et al.l 
1201 1 al ibi). lAltamirano et alj J201 ldh reported a detailed study of the 
behaviour of the flare-like events of IGR J1709 1 — 3624 during the 
first 180 days of the outburst. This study cl assified the differen t 
types of flares with the same scheme used bv lBelloni et alj ( 2000) 
for GRS 1915+105. 

In this paper we report on the Swift and INTEGRAL data anal- 
ysis of the new outburst of IGR J17091 — 3624 started at the end of 
January 201 1. 



cedures 1 Burrows et alj 120051) and the technique summarized in 
iBozzo et al.1 d2009l) . XRT light curves and the hardness-intensity 
diagrams were obtained from the XRT data extracting two differ- 
ent energy ranges, 0.3-4 keV and 4-10 keV. 

For the INTEGRAL data analysis, we used the latest release 
of the standard Offline Scientific Analys is, OS A version 9.0, dis- 
tributed by the ISDC dCourvoisier et ai] |2003l) and the latest re- 
sponse matrices available. In particular, the IBIS response matri- 
ces were produced using the closest available Crab observations to 
the 201 1 outburst of IG R J 1709 1-3624. O ur INTEGRAL analysis 
was focused on ISGRI dLebrun et al]|2003l). the low-e nergy detec- 
tor of the 7-ray telesc ope IBIS (PLJbertini et a i] |2003h and on the 
X-ray monitor JEM-X dLund et al.l2003l) . Unfortunately, due to the 



INTEGRAL observing strategy combined to the small JEM-X field 
of view (FOV), IGR J17091-3624 was not in the JEM-X FOV in 
most of the observations. During the INTEGRAL observations both 
JEM-X modules were switched on. However, for the data analysis 
we used the second module (JEM-X2) and checked the consistency 
with module 1. The ISGRI and JEM-X spectra were extracted in 
20-200 keV and 3-20 keV, respectively. A systemat ic error of 2% 
was t aken into account for spectral analysis (see also ljourdain et al.1 
120081) . 

Details on all the Swift and INTEGRAL data analysed in this 
paper are given in Table Q] (columns 1-4). The spectral and timing 
analysis have been performed with HEASOFT 6.9 package. In par- 
ticular, the periods of the flare-like events were calculated with the 
FTOOL efsearch. The rms values were estimated from the source 
light-curves by using an ad hoc developed tool and the IDL Astron- 
omy User's Library procedure^ For the rms calculation, we di- 
vided the light curves, extracted in 1 s bins, into 140 s chunks. For 
each segment we computed the fractional rms after subtracting the 
expected white noise. We then estimated the fractional rms of the 
light curves and its uncertainty from the average and standard de- 
viation of the single determinations. The effective frequency range 
over which the rms is integrated is therefore 0.007-0.5. 



2 DATA REDUCTION AND ANALYSIS 

The XRT ToO follow-up observations were performed, when possi - 
ble, simultaneously to the INTEGRAL ones dCapitanio et alj201 ll) . 
INTEGRAL data were collected in the framework of the Galactic 
bulge observation^ (public data) and the open time observation of 
the RX J1713.7-3946 field. Due to the long duration of the out- 
burst, Swift/XKF data were collected also in the period in which 
the region around IGR J 1709 1—3624 became unobservable by IN- 
TEGRAL. In this paper we made use of the whole available data set 
of INTEGRAL and Swift observations performed from 28 January 
to 14 August 2011. 

The XRT observations were taken in window timing mode 
in order to avoid the pile-up effects. Each observation was com- 
posed of two or more segments. We reported only the analysis of 
the first segments of all XRT observations, since the other seg- 
ments were always consistent with the first segments of each ob- 
servation. For the XRT data analysis we followed standard pro- 
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Table I: Observations log and spectral parameters of the outburst evolution. Note: all the errors are at 90% confidence 
level. N is the label of each XRT observation associated to the points of Figure ! 1 1 l and Fi.gurefsl ID is the XRT observation 
number; Date is the date of the XRT observation; nns is the value of the root- mean-square amplitude of each XRT 
observations averaged in an interval between 0.007 and 0.5 Hz. INTEGRAL REV indicates, when available, the revolution 
number of INTEGRAL simultaneous observations; T^ n is the inner temperature of the diskbb model in XSPEC; NORM 
diskbb is the normalization of the diskbb model proportional to the square of the inner disc radius square; Y is the power 
law photon index and E c is the high energy cut off; FLUX io) ke V ' s me unabsorbed flux between 2 and 10 keV. 



Date 
MJD 



XRT EXP 



INTEGRAL 
REV 



cnt 



Tin 
keV 



NORM 
diskbb 



1 


00031921002 


55598.3 


1940 


1016 


2 


00031921003 


55599.2 


2170 


1 1 6 


3 


00031921004 


55600.7 


2175 


1 1 6 


4 


00031921005 


55601.1 


1454 




5 


00031921006 


55602.1 


2191 


1017 


6 


00031921007 


55603.2 


2066 


1017 


7 


00031921008 


55604.2 


2189 


1017 


8 


00031921009 


55605.2 


2163 


1018 


9 


00031921010 


55606.2 


1884 




10 


00031921011 


55607.2 


2108 




1 1 


00031921012 


55608.3 


2057 




12 


00031921013 


55610.2 


2010 




13 


00031921014 


55612.3 


2095 


1 020 


14 


00031921015 


55614.2 


2195 


1020 


15 


00031921016 


55616.3 


1074 




16 


00031921017 


55620.8 


2568 




17 


00031921018 


55622.5 


2321 




1 8 


00031921019 


55623.5 


656 




19 


00031921020 


55624.4 


2463 




20 


00031921021 


55627.6 


2072 


1 025 


21 


00031921022 


55628.1 


1 706 


1 025 


22 


00031921023 


55630.5 


1408 




23 


00031921024 


55632.3 


2189 


1027 


24 


00031921025 


55633.3 


2016 




25 


00031921026 


55635.6 


1473 


1028 


26 


00031921028 


55639.8 


2225 




27 


00031921029 


55638.6 


2155 




28 


00031921030 


55640.5 


2348 




29 


00031921031 


55642.1 


2137 


1030 


30 


00031921033 


55643.4 


630 


1030 


31 


00031921034 


55646.9 


2 1 66 




32 


00031921036 


55650.2 


326 




33 


00031921037 


55651.5 


2067 


1033 


34 


00031921038 


55654.7 


1173 


1 034 


35 


00031921039 


55655.7 


1022 




36 


00031921040 


55657.5 


211 1 


1 035 


37 


00031921041 


55661.9 


974 




38 


00031921042 


55667.3 


1069 




39 


00031921043 


55679.8 


896 




40 


00031921044 


55681.2 


1035 




41 


00031921045 


55683.7 


1509 





0.29±0.08 
0.28 ±0.03 
0.25 ±0.07 
0.25 ±0.06 
0.21 ±0.03 
0.24±0.06 
0.27±0.03 
0.24±0.07 
0.22±0.03 
0.24±0.05 
0.22±0.02 
0.21 ±0.03 
0.15±0.05 
0.08±0.04 
0.05 ±0.02 
0.06±0.02 
0.09±0.03 
0.05 ±0.02 
0.05 ±0.02 
0.04±0.02 
0.05 ±0.02 
0.05 ±0.02 
0.07±0.02 
0.08±0.06 
0.07±0.03 
0.27±0.02 
0.10±0.02 
0.28±0.02 
0.26±0.01 
0.11 ±0.06 
0.12±0.02 
0.192±0.003 
0.22±0.02 
0.31±0.0I 
0.31 ±0.02 
0.31±0.01 
0.32±0.02 
0.34±0.04 
0.33±0.02 
0.26±0.04 
0.15±0.03 
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1 1+ - 1 
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n ±0.1 
-0.1 
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UP 
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1 1+ - 1 
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13 +0.1 
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-0.04 
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+ 0.04 
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+ 0.02 



i .2y ■ 
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1 29"* 

-0.02 
, ,,+0.03 

-0.03 
! 2 +0.1 

-0.1 
I ,n + 0.02 

-0.02 
, ,„+0.04 
'■ 28 -0.04 
! 2+0.1 

-0.1 
, ,,+0.04 

-0.10 
i ,,+0.02 
-0.02 
. ,,+0.09 
-0.10 
, 3,+0.02 
-0.02 
t ,n + 0.02 
-0.02 
. ,„+0.02 
-0.02 
t ,n + 0.02 
-0.02 
, + 0.02 
-0.02 



<1 X 10 5 
53+38 



46 



+63 
-37 

»ts 

49+24 
'-14 

98+ 56 
-30 

90+ 13 
' — 19 
7 ,+33 
21 



+4 
-4 
, + 12 



35 1 
63 + 20 
-26 
54+" 



. + 3 



+3 



57 



55" 1 
— 25 
74+163 
' -41 
52±* 
,,+ 140 
-30 
4S+» 

<l 

-3 
44+ 



-IX 1 



1.25" 1 



4 +3 
— 3 
,+3 



TTT-T- 

0.1 

0.1 
-0.1 
+0.1 

0.1 
+0.1 

0.1 
+0.1 

0.1 
+0.1 
-0.1 
+0.1 



-0.1 
,+0.1 
-0.1 
+ 0.1 



2.<P 
2.1^ 
2.1-1 
2.1-1 



-0.1 
,+0.1 
6 -0.1 
161 + 0.04 
-0.04 

16 +o.i 

-0.1 

1 69+ 04 
-0.04 

0+0-1 
-0.1 
,+0.3 
-0.5 
,+0.2 
-0.2 
1-0.3 
-0.4 
, ,+0.3 
-0.4 
, 7+0.3 
-0.7 
A + 0.1 
-0.1 
4+0.2 
-0.1 
,+0.5 
-0.1 
s+0.1 
-0.1 

hO.l 
-0.1 



,+0.3 
-0.2 



2.4+ 
1.3+ 
2.0 



+0.2 
-0.3 
+0.2 
-0.3 



1-0.4 
-0.4 





FLUX 


2-10)fceV 


X^ ed «l.o.f.) 




keV 


(X10" 1 


erg cm - 2 s — ) 






109+ 2 " 




6.1 


1.0(139) 




120 -21 




6.5 


1.0(193) 




104 -14 




6.8 
6.1 


1.0(164) 
0.8/175) 




™t\\ 




9.3 


1.0(174) 




"IS* 




8.6 


1.0(210) 




03 + 11 
-9 




9.4 


1 .3(264) 




o£+35 
86 -21 




10.0 
8.6 
8.9 
9.1 
10.4 


1.1(200) 
1.1(139) 
1.1(217) 
1 . 1 (249) 
1.0(225) 




7 ,+9 






1.0(311) 




134 -29 




20.5 
20.6 
17.8 
19.5 


1 .21 366,1 
1.1(322) 
i i\i not 

1 ^ ( ^ 6 8 1 








18.2 


1.1(316) 


H 






18.9 


1 . 1 (443) 


he 






35.1 


1 .0(433) 








47.6 


1. l(4«y) 


CI 






17.1 


1 .2(40 ! 1 


e 
— >-* 






40.3 


1.0(41 1) 


S' 






18.2 


1.2(357) 


>i 






1 5.2 




2 






20.7 


i o/,-j \ \ 
1.0(2 /4) 








18.7 


1 .0(4 1 7) 


Jl 






19.2 


1.3(442) 








25.6 


1 .0(308) 






23.6 


1.1(314) 


i — i 






15.0 


1.2(382) 


1 






16.9 


0.9(196) 


■4X 






17.4 


1.0(288) 






29.6 


1.2(424) 








18.8 


1.1(397) 


1 — 1 






23.4 


0.8(216) 


1 — 1 






16.6 


1.1(382) 








16.7 


1.2(387) 








16.1 


1.2(359) 








15.0 


1.1(375) 








15.1 


1.2(397) 
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Date 
MJD 



INTEGRAL 
REV 



cnt 



keV 



42 00031921046 

43 00031921049 

44 00031921050 

45 00031921051 

46 00031921052 

47 00031921053 

48 00031921054 

49 00031921055 

50 00031921056 

51 00035096002 

52 00035096003 

53 00035096004 

54 00035096005 

55 00035096009 

56 00035096010 

57 00035096012 

58 00035096014 

59 00035096015 

60 00035096016 

61 00035096017 

62 00035096018 

63 00035096019 

64 00035096020 

65 00035096021 

66 00035096022 

67 00035096023 

68 00035096027 

69 00035096028 

70 00035096029 

71 00035096030 

72 00035096032 



55685.3 
55691.6 
55693.1 
55695.0 
55697.8 
55701.8 
55703.7 
55705.6 
55707.4 
55715.7 
55717.7 
55719.5 
55721.3 
55725.6 
55729.4 
55731.0 
55733.2 
55735.3 
55737.5 
55739.4 
55741.6 
55744.0 
55759.3 
55761.5 
55765.3 
55767.3 
55775.3 
55777.9 
55779.4 
55783.8 
55785.0 
55787.7 



1246 
2092 
2318 
1139 
1160 
1188 
2291 
2374 
1789 
894 
1006 
907 
1070 
1151 
1006 
437 
928 
1102 
140 
992 
1123 
984 
850 
727 
956 
940 
863 
354 
511 
547 



0.05±0.01 
0.08 ±0.06 
0.08±0.04 
0.08±0.03 
0.07±0.04 
0.10±0.02 
0.08±0.02 
0.15±0.03 
0.26±0.02 
0.18±0.04 
0.12±0.02 
0.13±0.05 
0.17±0.02 
0.06±0.03 
0.07±0.04 
0.07±0.05 
0.11 ±0.05 
0.10±0.03 
0.16±0.04 
0.32±0.05 
0.39±0.03 
0.37±0.02 
0.36±0.05 
0.42±0.03 
0.41±0.04 
0.38±0.04 
0.39±0.03 
0.22±0.01 
0.23 ±0.06 
0.34±0.03 

0.37±0.04 



I ,,+0.03 

L26 -0.03 

1 1+ - 2 

-0.1 
! +O.l 

-0.1 
! 2 +0.2 

-0.2 

1 1+ - 2 
-0.1 

1 1+ 02 
• -0.1 
! +0.2 

•"-o.i 

, ,,+0.02 

-0.02 
, , 4 +0.02 

-0.02 
, , 7 + 0.02 

-0.02 
20+0.02 

-0.02 
, ,, + 0.02 
1/J -0.02 
, 24+O.02 

-0.02 
, 20+0.02 

-0.02 
, ,+0.3 

-0.3 
, 09 +0.04 

-0.02 

, o+o.i 

-0.1 

1 1+ - 1 

-0.1 
! 2+0.1 
1 -0.1 
, ,+0.03 
-0.03 
7 + 0.03 



1 47 1 

-0.03 
I ,o + 0.04 
'■ 58 -0.04 
167 +0.06 

-0.05 
,50+0.04 

-0.03 
, ,, + 0.03 

-0.03 
, ,,+0.02 

-0.02 
1 ,4+0.03 

-0.02 
. „ + 0.04 

-0.04 
,24+0.04 

-0.03 
,30+0.04 

-0.04 
,3+0.1 

-0.1 
, ,„ + 0.02 
L28 -0.02 



Ec 
keV 



FLUX( 2 _ 10)fceV 



— 5 
, 7 +31 
-16 



62 -15 

26tf 2 

20+ 19 
-10 
3 +23 
J -19 

n+3 

-3 
+ 1 



50"' 
47 



+0.3 
-0.3 
+0.3 
-0.4 
+0.3 
-0.4 



, ,+0.9 
■ J -0.4 

2+; 

2^ 



,+1 
-5 
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Figure 1. Top panel: SwifitBAT (15-50 keV) count rate (bin time= 1 day). 
The shadowed parts represent the INTEGRAL observation periods. Second 
panel: XRT (0.3-4 keV) count rate (bin time =4000s). Third panel: XRT (4- 
10 keV) count rate (bin time =4000s). Bottom panel: XRT Hardness Ratio 
(defined as the ratio between the 4-10 keV to the 0.3-4 keV count rate). 



3 RESULTS 

The 201 1 outburst of IGR J17091-3624 can be divided in two main 
phases: during the first one, the source underwent the typical se- 
quence of events of a transient BH in outburst (described in Sec- 
tion l3.lt : during the second part, it exhibited "heartbeat" variabil- 
ity previously observed only in GRS 1915+105 (Sections l3.2l and 
13.3b - Finally, a detailed study on the presence of a Compton reflec- 
tion component and iron line upper limit are given in Section [3~4l 



3.1 The initial phases of the outburst 

The outburst of IGR J17091-3624 started on MJD~55598 (Fig- 
ure [Q and in about 12 days the X-ray flux of the source (2-10 keV) 
increased of about 70%. During this starting phase, the Swift and 
INTEGRAL simultaneous data, when available, could be well fit by 
an absorbed cutoff power-law model. The source showed a typical 
hard state spectrum and the photon index and high-energy cutoff 
remained consistent within the errors (T ~1.5, E c ~100 keV, see 
Tabl^T]for details). The equivalent hydr ogen column density valu e 
was consistent with the one reported bv lKrimm & Kennel] d201 ll) . 
Nj/=(l.l±0.3)xl0 22 cm~ 2 . 

Figure H shows the combined XRT-ISGRI unfolded LHS 
spectrum along with the residuals expressed in terms of sigmas 
(MJD=55603.2, observation n°6 in Tabled. 

On MJD~55610.2, the source displayed evidence for a begin- 
ning of a spectral transition to the softer state. The flux continued to 
increase more rapidly: ~100% from the observation n°12 until the 
observation n° 15 (about 6 days). But, this time, a significant soften- 
ing of the hard X-ray spectrum (see i. e. bottom panel of FigureQJ 
was observed, together with a drop in the hard X-ray flux. 
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Figure 2. Swift/XSJ and INTEGRAL/IBIS joint unfolded spectrum at the 
beginning of the outburst. The source presents a typical LHS spectrum (ob- 
servation n°3 in Table[T}. 



During the transition the spectra became steeper and in about 
two days the fit required a multicol or disc blackbody co mponent ( 
modeled with diskbb in XSPEC. lMitsuda et alj|l984l. hereafter 
MDBB). Figure [3] shows two spectra extracted at the intermediate 
hardness values (HR~0.2, observation n°13 and n°14). An accept- 
able fit to these spectra could be obtained by using an absorbed 
cutoff power law model). Adding the MDBB component, the F-test 
probability of a chance improvement is 7% and 0.4%, for the ob- 
servations n° 13 and n° 14, respectively. Thus it is reasonable to add 
a MDBB component only to the second spectrum. 
The obtained spectral parameters of the spectrum n°14 are com- 
pa tible with th e inter medi ate spectral states of a BHC (s ee e. 
g. iFender et al.l d2004l) and iRemillard & McClintockl d2006l) and 
references therein). During this transition from the hard to the soft 
state, the inner temperature of the MDBB component (kTi n ) in- 
creased from 0.3 keV (observation n°14) to ~1 keV (observations 
n° 15-^16), while its normalization decreased significant!)^ 

At the end of the transition to the soft state (observation n° 16), 
the disc temperature reached a value of about 1 keV, while the 
power law photon index reached ~2.1, with no cutoff detectable up 
to about 200 keV (see Table Q]for details). The fractional rms am- 
plitude of the X-ray emission from IGR J17091— 3624 as measured 
by XRT data decreased from previous values (25-^30% ) up to about 
4-^5% (see Figure [5}- Thus, as also reported by iDel Santo et al.l 
(201 1), the source is probably in the HSS. In the following 65 days 
(until observation n°42) the spectral characteristics of the source 
showed no significant variability. Figure|4]shows the unfolded spec- 
trum of IGR J17091-3624 after the transition (observation n°33). 
The fit to these data was obtained with an absorbed MDBB plus 
a simple power law component. No Compton-reflection from the 
disc surface and no iron line models were required by the data even 
though these components are usually e xpected to be very str ong in 
the canonical soft state of BH binaries dGierlinskv end] 19991) . 

On MJD=55655.8 (observation n°34) a short flare, reaching 
a peak flux of 3xl0~ 9 erg cm -2 s _1 (2-10 keV) was detected. 



3 In the MDBB model jMitsuda et al. 1984) the square root of the normal- 
ization constant is proportional to the apparent inner radius of the truncated 
disc. However, when the high energy behaviour of the spectrum is modeled 
with a power law component, the evolutio n of the disc internal radius can 
be significantly underestimated (see e. g. lDone et alj2007l p. 28-29). 
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Figure 3. Two Swift/XSJ and INTEGRAL/IB IS joint intermediate spectra 
during the transition from the Low Hard State (LHS) to the High Soft State 
(HSS). The two spectra have been collected from data separated by 2 days. 
Top spectrum: observation n°13 in Table[T] Bottom spectrum: observation 
n° 14 in Tabled] 

No significant changes in the spectral properties of the source were 
detected during this event. 

3.2 The appearance of the "heartbeat" 

Figure [5] shows the fractional rms amplitude as a function of the 
hardness ratio, hereafter HK0. As mentioned above, during the tran- 
sition from the hard to the soft state, the fractional rms and the 
HR d ecreased as expect ed by a typical transient BH entering the 
HSS dFender et alj|2004h . 

However, from observation n° 26 the fractional rms ampli- 
tude moved away from the expected values and started to increase 
and decrease rapidly with a chaotic behaviour (see e. g. Figure[5]l. 
The rapid increases correspond to the observations in which the 
quasi-periodic flare-like events are detected in the light curves (the 
"heartbeat" in analogy with GRS 1915+105, see also Section[TJl. 
As an example, Figure [6] shows a zoom of the light curve of one 
of the XRT observations in which the "heartbeat" is detected. The 
"heartbeat" oscillations vary in intensity and in hardness; in some 
observations they are not detected at all (in these cases lower val- 
ues of the fractional rms amplitude are measured). No significative 
variations can be observed in the spectra of each XRT observation 

4 We defined as the hardness ratio the ratio of the counts in the 4-10 keV 
energy band to the counts in the 0.3-4 keV energy band in each XRT obser- 
vation. 
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Figure 4. Swift/XSJ INTEGRAL/JEM-X2 and INTEGRAUWS unfolded 
spectra of the IGR J17091-3624 soft state (see Section[4}. The fit is an 
absorbed MDBB plus a power law. No reflection component is needed in 
the fit (the spectral parameters values are reported in Table [T] observation 
n°33). 
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Figure 6. Zoom of the XRT count rate of the observation n°28 in Table[TJ 
The time bin is 1 s and the start time is MJD=55640.5. 

with or without the presence of the "heartbeat". We also observed 
that the flare-like events lose coherence and change their period 
with time. Figure [7] shows the evolution of the "heartbeat" period 
as a function of ti me. This behaviour is con sistent with what ob- 
served with RXTE jAltamirano et alj|201 lal lcj). The two panels of 
Figure[8]show the "heartbeat" period as a function of hardness and 
XRT count rate, respectively. No evident correlation between the 
periods of the flare-like events with the count rate or the HR has 
been found. The only peculiarity is the presence of a sort of "for- 
bidden zone" in the possible period values (from ~40 s to ~65 s, 
Figures [7j [HJ. For a detailed disc ussion of the different "h eartbeat" 
states of IGR J17091— 3624 see lAltamirano et all j2oTTdh - 

No significant detection of the "heartbeat" was found in the 
IBIS light curve because of the faintness of the source in the hard 
X-ray domain (20-200 keV) and the relatively poor statistics. 

After MJD~55690 (observations n° 43-44), the "heartbeat" 
was no longer detected and at the same time the flux in the 15- 
50keV energy band started to increase again (see the BAT light 
curve in Figure [TJ. The spectral analysis of the observations col- 
lected during this period showed that the inner temperature of the 
MDBB component decreased down to ~1 keV and a power-law 
component was also required in order to have an acceptable fit of 
the XRT spectra. In the previous observations, a power law com- 
ponent additional to MDBB was required only when XRT and IBIS 
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Figure 5. Hardness-rms diagram of each XRT pointing of the IGR J 1709 1—3624 outburst. For th e observations with more th an o ne segment only t he fir st one 
has been considered. For the usage of rms as a tracer of the different accretion regimes see e. g. Mun oz-Dariaz et alj 1201 ll) and lCapitanio et alj J2009bl) . In 
order to get a more readable Figure, we did not show the hardness error bars that are, instead, reported in Figure fTTI 
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Figure 7. "heartbeat" period versus time. The dashed segments represent 
the three different groups of observations discussed in the text. 



data were fitted simultaneously. Between observations n°37-41 the 
INTEGRAL data were unavailable, and thus we could not constrain 
the properties of the source emission in the hard X-ray domain. 

On MJD=55705.6 (observation n°49), the 15-50 keV light 
curve started to decrease again. Correspondingly, the soft XRT light 
curve increase significantly (see Figure [TJ and the XRT spectra 
reached again approximately the same shape observed during the 
previously detected soft state. On the same date, MJD=55705.6, a 
second group of recurrent flare-like events appeared again in the 
light curves. At this time the flux variation of the flare events was 
less pronounced and less coherent, while the periods scanned ap- 
proximately the same range than in the previous group of events 
(see Figure UJ. 
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Figure 8. Top panel: hardness versus "heartbeat" period. Bottom panel: 
XRT count rate versus "heartbeat" period. 



As Figure[T]shows, from MJD~55730 until 55770 there was 
an increase of the XRT flux together with a sharp hardening. The 
consequence of the hardening in the XRT spectra are an increase of 
the inner disc temperature and a decrease of the normalization con- 
stant of the MDBB model, NORM, that reached values of about ~18 
(see TableQ}. In particular NORM is proportional to the square of 
the apparent inner disc radius and to cosi, where i is the angle 
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Figure 10. INTEGRAL/JEM-X2 and INTEGRAL/IB IS averaged spec- 
trum of IGR J17091-3624 in the soft state during revolution 1078 
(MJD=55785.0). The fit is an absorbed MDBB plus a power law. The spectral 
parameters are reported in Table[TJ 



between the disc and the observer dMitsuda et alJ [T984)FI Thus in 
order to obtain an inner radius with a plausible length, cosi should 
be very small. Simultaneously to the spectral hardening, the XRT 
light curves and the corresponding power spectra clearly showed 
that a third group of recurrent flare-like events started with a re- 
markably decreased period (see Figure[7}- 

As an example, the four panels of Figure [9] show the XRT 
power spectra evolution, from MJD=55737.5 to MJD=55759.3 (ob- 
servations n°60^64 ). This time interval corresponds to the reap- 
pearance of the flare-like events: at MJD=55737.3 (observation 
n°60) there were no flare-like events and the power spectrum pre- 
sented a power law like behaviour (panel a). On MJD=55741.6 the 
flare-like events started again and a prominent and broad feature 
appeared in the power spectrum shape (panels b and c). The fre- 
quency of this feature changed with time from ~0.72 Hz to ~0.22 
Hz (panels d and e). 

The "heartbeat" is always detected during the final part of the 
Swift campaign with periods that span from about 3 s until 30 s. The 
energy spectra of each single XRT observation were fitted with the 
same model than before (absorbed multicolor disc black body plus 
a power law component). However, after the observation n°65, the 
inner temperature of the MDBB component decreased from ~1.5 
keV to ~ 1 .3 keV (see TableUJfor details). The INTEGRAL observa- 
tions, performed during revolution 1078 (MJD=55785.0), showed 
that the fit of the hard part of the spectrum is consistent with a sim- 
ple power law component with a photon index of T=2.3±0.2 (see 
Figure [Tot. 

We also note that during the periods in which 
IGR J17091— 3624 displayed evidence for the "heartbeat" 
phenomena, its spectral evolution remained trapped in the top 
left corner of the hardness-intensity diagram (hereafter HID; see 
Figure [TO and outlined no more the canonical path through the 
different spectral states expected from a BHC in outburst (the so 
called q-track). 



3.3 Spectra from the "heartbeat" 

In order to investigate the origin of the changes in the hardness 
ratio during the "heartbeat", we extracted XRT spectra in the time 
intervals corresponding to the highest (>60 ct/s) and lowest (<30 
ct/s) count rates of the source spectra during the flaring activity. 
For these data, we performed a rate resolved analysis adding-up 
time intervals corresponding to the peaks and to the minima of the 
flare in each observation (note, however, that the hardening of the 
different peaks was not constant; see for example the HR behaviour 
in Figure [6J. Because of the periodicity of the light curve, the rate 
resolved analysis overlaps with the phase resolved analysis. 

A fit to the spectra was obtained by using an absorbed MDBB 
component. The spectral parameters at highest count rates indicated 
a higher inner disc temperature and a hint for a smaller inner disc 
radius (see Table[2]for details) than what measured at lower count 
rates. This behaviour is more evident in some observations of the 
first group of data showing recurrent flare like events (between 
MJD~55630 and MJD~55690), where the flux variation during 
the flares was more pronounced. In fact, unfortunately, due to the 
low data statistics, only in a few observations was it possible to con- 
strain the MDBB normalization constant with enough confidence. 

In the second group (from MJD~55700 to MJD~55730) the 
changes in the HR with the source count rates and the coherence 
of the "heartbeat" oscillation are less evident. We report in Table [2] 
the spectral parameters of three representative XRT observations 
selected at different time periods. The Nh is fixed to be the same 
for the different phases of the same observations. 

The unfolded phase-resolved spectra obtained for the XRT ob- 
servation n°30 (MJD=55640.5) are shown in Figure[T2]. We found 
evidence that the flares are due to an oscillation of the inner disc 
boundary (Table[2j: at the peak of the flare the MDBB temperature 
(radius) is higher (smaller) with the disc approaching the BH event 
horizon. The opposite behaviour is observed during the minima 
of the flare. This is similar to what has been observed in the case 
of GRS 1915+105 l lNeilsen etal]|201lh . The lower X-ray flux of 
IGR J17091-3624 with respect to GRS 1915+105, however, does 
not allow us to study the "heartbeat" in the same details. Theoreti- 
cal studies suggest that this phenomenon is due to the Lightman- 
Eardley instability, a limit cycle i n the inner accretion disc 
dominated by the radiation-pressure dLightman & Eardlev 



19741; 



5 The connection betwe en the apparent inn er disc radius and the inner ra- 
dius itself is reported by Kubota et al] il998lV ). 



iNavakshin & RappaporfeOOOl ; ISzuszkiewicz & Miileilll998l) . Ac- 
cording to this interpretation, the in ner part of the disc e mpties and 
refills with a timescales of seconds (Bell onietaO 1997b . 



3.4 Reflection component 

In order to investigate the presence of Compton-reflection compo- 
nent and the iron line in the spectra of IGR 117091— 3624, we used 
the XRT, JEM-X and IBIS joint spectra showed in FigureQJJ In this 
case the spectral parameters revealed that IGR J17091— 3624 is in 
the soft state (observation n°33) when the hig hest contribution from 
the reflection component is expected (see e. g. lRoss & Fabianl2007l 
and reference therein). The model used to fit the data is an absorbed 
MDBB plus an exponentially cut-off power- law spectrum reflected 
by ne utral material (pexrav in XSPEC; Magdziarz & Z dziarskj 

Gall). 

Consid e ring t he di stance of the source estimated by 
IPahari et al] d201 lbh and iRodriguez et al.l ( l2011bl) . we took into 
account also the hypothesis that the source could belong to the 
Galactic halo and thus have a different metallicity with respect to 
the sources in the Galactic bulge, where normally LMXBs are con- 
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Figure 9. XRT power spectra evolution of five observations (binned at Is), from MJD=55737.5 to MJD=55759.3 (observation n°60-=-64), that correspond to 
the reappearance of the flare-like events of the last part of the XRT campaign of IGR J1709 1—3624. 



centrated jGrimm et "al] |2002h . No significant changes in the spec- 
tral fits were observed by leaving the metallicity of the reflecting 
medium free to vary. We thus assumed two different values of the 
metallicity, i.e. the solar one (the source belo ngs to Galactic bulge , 
Z/Zq = 1) and Z/Zq = 0.13 as reported by iFrontera et alj ( 2001) 
for XTE Jl 118+480 which is a BH binary that lies at very high 
Galactic Latitudes. In both cases the estimated upper limit on the 
reflection component was of R=0.1, and the F-test probability indi- 
cated that there is not a clear evidence of a significant improvement 
in the \ 2 by adding this component (the F-test probability in the 
two cases was of 7% and 2%, corresponding to a detection signifi- 
cance of <2.0 a and <2.5cr, respectively). 



We also estimated an upper limit on the normalization of the 
iron line fixing the centroid of the line at 6.7 keV. We assumed a 
broa d line with cr=0-7 keV as in the case of GRS 1915+105 (see 
e. g. iMartocchia et al.|[2002l . and references therein). The obtained 
upper limit on the equivalent width is EQ< 0.9 keV. 



4 DISCUSSION 

All the outbursts of IGR J 1 709 1 - 3624 observed before 20 1 1 were 
fainter and poorly observed with respect to the last one. However 
the source, in the limit of the instruments capability, displayed 
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Figure 11. Hardness-intensity diagram (HID) of all the XRT 2011 outburst observations of IGR J17091— 3624. For the observations with more than one 
segment only the first one has been considered. 



Table 2. Spectral parameters of the different phases of three XRT observations: N is the number of the XRT observation as in Table[T] H: maxima count rate 
intervals (> 60 ct/s); L: minima count rate intervals (< 30 ct/s). 
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the typ ical spectral and temporal evolution dCapitanio et al.|[2005t 
l2009ah expected from a canonical BHC (for details on the transient 
BHC outburst evolution see e.g., Fende r et alj|2004h . The "heart- 
beat" phenomenon appeared only during the last 201 1 outburst. In- 
deed, using all the available archival XRT observations in the di- 



rection of IGR J17091— 3624, we verified that no "heartbeat" was 
visible during the previous outbursts of the source. 

We summarize here the initial evolution phases of the outburst 
occurred on 2011. The source underwent to a transition from the 
LHS to the HSS moving from the bottom right corner of the HID 
to the top left corner (Figure [TT1 observations n°l + 15): 
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Figure 12. Count rate resolved spectra of the observation 00031921030. 
The upper spectrum was extracted during time intervals corresponding to 
the peaks of the flare-like events observed in this observation. The lower 
spectrum corresponds to the time intervals of the flares where the source 
count rate was a minimum. The two spectra were fit together with unab- 
sorbed MDBB model (we constrained the N^f to be the same for the two 
spectra and we let the other parameters to vary independently). 



• during this transition, the source reached the inte r mediate 
states and the radio flare reported by Rodrig uez et alj d201 lbh 
should be the signature of the transition from the HIMS to the 
SIMS l lFender et all 2004b : 

• the rms amplitude starting from values of about ~30% in the 
LHS, decreased significantly reaching values that span from 6% to 
2% (see Figure[5]and column n°6 in TableQJ; 

• the spectrum became softer with the presence of a prominent 
disc blackbody component (starting from observation n°15) with 
the high energy cutoff no longer detectable up to 200 keV. 

The source remained in the HSS for about 10 days (from 
MJD=55623.5 till MJD=55633.3). Starting from MJD=55635 the 
source followed no more the standard evolution of a transient BHC 
in outburst: the properties of the X-ray spectra in each observa- 
tion showed no significant variability, while the source displayed a 
sudden atypical timing variability in the form of flare-like events 
occurring at a 33 s period ("heartbeat"). The X-ray emission at 
the peak of these flares is typically harder than the average source 
emission (see the third panel of Figure[6). 

Starting from MJD=55692 we measured a progressive de- 
crease of the MDBB inner temperature with a corresponding hard- 
ening of the source emission. At this time the flare-like events were 
no longer visible in the light curve. The hardening continued unin- 
terrupted for about two days, then the inner temperature of the disc 
started to increase again, leading to a clear increase in the soft X- 
ray flux and a decrease of the hard X-ray emission. At this epoch, 
the "heartbeat" became again visible. 

The last part of the data analysed presented a short period 
oscillations (between 3 s and 30 s) and also a particularly hot in- 
ner disc temperature with a very small MDBB normalization con- 
stant that corresponds to a small apparent inner radius. Between 
MJD=55740 and MJD=55760, the 4-10 keV XRT flux increased 
significantly (a factor of 60%) . The peak in the 4-10 keV flux 
(see Figure [TJ corresponds to a peak in the inner disc temperature 
(Ti„ ~1.7 keV on MJD=55759.3). 

The period of the "heartbeat" changed with time (Figure [7J 
and it seems to have a decreasing trend. 



4.1 Comparison with the BH binary GRS 1915+105 

As rep orted by lAltamirano et al. (201 Id) and by IPahari et"al] 
d2011bl) the behaviour of the source resembles what observed from 
GRS 1915+105 in the various flaring states. Thus the principal 
common characteristic between these two sources is just the pres- 
ence of pseudo periodic flare-like events in the light curve i. e. 
the so called "heartbeat". The HR (bottom panel of Figure [6]l 
of IGR J17091-3624 is similar to the GRS 1915+105 one, in 
the sense that in both sources the modulation of the light curve 
is projected also in the HR dNeilsen et alj 1201 11) . However, in 
the GRS 1915+105 case t he hardness varia tion seems more pro- 
nounced (see for example iNaik et al]|2002l) . Our phase resolved 
energy spectra of the XRT data revealed that the hardening of the 
source X-ray emission at the peak and at the lower part of each flare 
is similar to what measured in the case of GRS 1915+105 (seee. g. 
Mine o et al. I l2010l: lBellonietal.il 1997b and thus it is pro bably due 



rjly < 



to the same physical phenomenon (Li ghtman & Eardlevlll974 

The period of the "heartbeat" seems also to vary with time 
in the same range of values for the two sources, even though in 
GRS 1915+105 the period amplitude gets larger for long time 
scales. This does not seem to be the case for IGR J17091 — 3624. 
Indeed, as showed in Figure [7] the period variation with time 
seems to decrease and, moreover, in the third group of observa- 
tions (from MJD=55750 until the end) it reaches values of the or- 
der of few secon ds (~3-^5 s). These values were not observed in 
GRS 1915+105 dNeilsen etal.ll201ll) . 

Similarly to GRS 1915+105, we measured also for 
IGR J 1709 1—3624 particularly hot inner disc temperatures (in 
the case of GRS 1915 +105 the temperatu r e can reach even 
higher values; see e.g ., [Belloni et alj 1 19971 : iMuno et alj 1 19991: 
4)0 



iFender & Belloni 2004) This property, together with a small 
inner radius of the disc blackbody spectrum in X-ray bina- 
ries, has been directly associated with high values of the BH 
spin dZhang et al.lll997l : lDevis et alj|2006b . 

Besides all these similarities between GRS 1915+105 and 
IGR J17091— 3624, a particularly striking difference is the X-ray 
flux intensity during the outbursts. This fact cannot be easily ex- 
plained because, unlike GRS 1915+105, for IGR J17091-3624 
we do not have an estimation of the distance, the inclination angle, 
BH mass and spin, and the properties of the companion star. Some 
results on optical and NIR counter-p art of IGR J17091— 3624 have 
been reported bylTorres et al] d201 ll) . 

IChatv et al] d2008h . on the basis of optical and NIR photo- 
metric and spectroscopic studies of two possible counter-parts of 
the source, suggeste d that the source should belong to the Galac- 
tic bulge. However, iRodriguez et alj d2011bb recently estimated a 
lower limit of the source distance from its hard to soft transition 
luminosity concluding that, if the transition occurred at luminosity 
that spans from 4% to 10% of the Eddington luminosity (assum- 
ing a BH mass of 10 M Q ), IGR J17091-3624 is farther from the 
Galactic bulge, at a distance that spans from about 1 1 kpc up to 



6 The inner disc radius values reported for GRS 1915+105 by Muno et al. 
1 1999) and related to inner temperatures greater than 1.6 keV, are too small 
to be associated with the ISCO for any reasonable black hole mass. Even if 
the hard part of the spectru m, modeled using a power law, could underes- 
timate the inner disc radius iDone et alj2007l) . it is not possible to exclude 
that, in these cases, the accretion geometry could be different from the one 
predicted by MDBB. However this should not be the case for IGR J17091- 
3624. In fact, the spectral para meters reported in our analysis are not as 
extreme as the ones reported by Muno et al. ( 1999) for GRS 1915+105. 
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17kpc. Moreover IPahari et al, (2011b), using a different method, 
based on QPO, estimated an even larger distance of 20kpc and a 
mass range that spans from 8Mq to 1 1 ,4Mq . 

Assuming a distance range of 11-17 kpc, the bolometric lu- 
minosities of IGR J 1709 1—3624 estimated from the observation 
displaying "heartbeat" with the highest flux would be (3-7) x 10 37 
erg s~ which translates in to L~(3-6)% LecM- How ever, consid- 
ering th e distance and the BH mass range supposed by Pah ari et all 
( 12011b ) these luminosities result in 1% and 8% h^dd- 

Since the flare-like events should be at Eddington limit 
regime (see e.g.jNavakshin & Rappaport 2000; Neilse n et alj201 ll 
and reference therein), if we consider the values reported above, 
we conclude that the faintness of IGR J 1709 1—3 624 should not be 
only du e to the source distance. For this reason lAltamirano et al.l 
(201 Id) supposed that the distance of the source could be even 
larger than 20 kpc, otherwise the BH mass should be extremely 
small (less than 3Mq). 

Other peculiar differences of IGR J17091 — 3624 with respect 
to GRS 1915+105 are the lack of detection of the Compton- 
reflection component and the extremely low apparent inner disc 
radius (see Section [3~2l l. 

Taking these results as a whole, we speculate that 
IGR J17091 — 3624 could be a highly inclined system and we sug- 
gest that the lower luminosity of IGR J 1709 1—3624 could be also 
ascribed to the spectral d eformation effects d ue to the high inclina- 
tion angle as reported by Cunnin ghaml dl998l) . Indeed, when a Kerr 
BH is seen at a high inclination angle (cosi <0.25, i~75 degrees), 
the source appears significantly fainter (up to a factor that depends 
on the BH spin and mass but can reach about an order of magnitude 
less) with respect to system observed face-on. 

At odds with this hypothesis is the lack of detection of 
eclipses. Although we do not have any information about the sys- 
tem, such as the orbital period or the companion star mass, we can 
speculate that the lack of eclipses could be related to a small ratio 
between the companion star a nd BH mass. Using the Eggleton ap- 
proximation (Eggleton 1983]), we calculated the relation between 
the mass ratio, q (Msfor/Msj?) and the Roche lobe radius. Then, 
the minimum inclination angle, i, for which the Roche lobe does 
not cover the central engine along the observer line of sight, is ex- 
tracted from simple geometrical considerations giving: 



Rl/cl < cosi 



(1) 



where Rl is the Roche Lobe radius calculated with the Eggleton 
approximation; a is the distance between the BH and the compan- 
ion star; i is the inclin ation angle of the system. Plotting Rl/cl 
versus q (Egglet onl 19831) and considering the equationQ] we found 
that for q < 0.2, the Roche lobe does not cov er the central engin e 
for inclination angles smaller than 75 degrees (Cunningham 19981) . 

Moreover, the lack of information on the orbital period of 
the system hampers the search for the eventual presence of partial 
eclipses via the usual light curve folding techniques that increase 
the signal to noise ratio. 



therein) and, since March 2011, it remained trapped in an oscilla- 
tory state, simila rly to what observed du ring the flaring states of 
GRS 1915+105 (lAltamirano etal .11201 lj) . 

As mentioned above (see section 14. It , the pseudo periodic 
bursts in the light curve of GRS 1915+105 reach the Edding- 
ton luminosity and are believed to be related to disc oscilla- 
tions. The physics that drives these inner disc oscillations is 
connected with both the local Eddington limit and the radia- 
tion pressure instability. If the "heartbeat" oscillations seen from 
IGR 117091— 3624 are interpreted as being due to the same mecha- 
nism a s in GRS 1915+105 (as also supposed by lAltamirano et all 
1201 ldl) . then the apparent "faintness" of IGR J17091-3624 re- 
mains unexplained un less to suppose a huge distance or an ex- 
tremely low BH mass ( lAltamirano et alj201 ldh . 

In Section 14.11 we noted that that a reduction of the appar- 
ent luminosity up to an order of magnitude can also be achieved if 
the sy stem is seen ne arly edge on (for inclination angles <75 de- 
grees, Eggleto3ll983j). According to this idea and considering also 
the h/LEdd ratio calculated for the different distance values, we 
can speculate that the source, pro bably, not only lies far fr om the 
Galactic bulge, in agreement with Rodrig uez et alj d2011bl) . but it 
is observed at a high inclination angle as well. As also discussed in 
Section |4~TI this finding is not in contrast with the lack of eclipses 
in the source light curve. In fact, if the companion star is small, 
the eclipses can be undetected even for a high inclination angle, 
as for example in the case of the BHC XT E Jl 118+480 (see e.g. 
IWagner et al.ll200ll ; lMcClintock et alfcoOll) . 

We note that at present we cannot exclude that the faint- 
ness of IGR J17091— 3624 is only due to a very large distance 
(>20 kpc) or to the extremely lo w BH mass (< 3Mq), as sug- 
gested by lAltamirano et al.l d201 id) . The large distance, unusual 
for low m ass X-ray binaries g enerally concentrated in the Galac- 
tic bulge dGrimm et al. 20021). c ould a gree with the hypothesis 
reported by Ijonker & Nelemansl d2004l) that the distances of the 
LMXB could be affected by a systematic error due to misclassi- 
fication of the companion star. 

However recent results, reported bv lKingetal.l ( l2012h . based 
on a Chandra observation campaign, support the hypothesis that 
IGR J17091— 3624 is observed at high inclination angle. Fu- 
ture refined estimation of the distance and the BH mass of 
IGR J17091-3624 might help understand if GRS 1915+105 and 
IGR J 1709 1—3624 are very similar objects simply observed at very 
different distances or inclination angles. We point out that the high 
inclination of the system is a possible scenario to explain the low lu- 
minosity of the source without invoking very large distances or ex- 
treme ly low BH masses that m ay challenge the Rhoades & Ruffini 
limit ( Rhoa des & Ruffinill 19741) . 

Finally we suggest that, as in the case of GRS 1915+105, 
also IGR J17091— 3624 might show a "quasi-persistent" outburst 
of the order of years. Thus the INTEGRAL and Swift observation 
campaign of the 2011 outburst probably caught the evolution of a 
transient BH in a persistent GRS 1915+105-like phase. 



5 CONCLUSIONS 
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